Background-New-onset postoperative atrial fibrillation (AF) is a common complication of cardiac surgery that has substantial effects on outcomes. In the general (nonsurgical) adult population, AF has been linked to increasing obesity, which correlates with left atrial enlargement. It is not known whether postoperative AF is similarly linked to obesity. Methods and Results-This was a retrospective analysis of the incidence of AF in terms of body mass index (BMI 
A trial fibrillation (AF) is the most common form of cardiac arrhythmia 1 and is associated with significant morbidity and mortality. 2, 3 From the Framingham Heart Study, Wang and colleagues 4 recently provided the strongest evidence to date showing that obesity is an important predictor of development of AF in adults. Then, via echocardiographic data, they demonstrated that this body size and AF association is explained by left atrial enlargement in larger patients. The implications of these findings are amplified by the fact that obesity has reached epidemic proportions both in the United States and worldwide, which in turn raises the potential of it contributing to an AF epidemic. 5 New-onset AF is the most common complication after cardiac surgery (20% to 40%) and is linked to other serious perioperative complications (eg, stroke), prolonged hospital stays, increased frequency of readmissions, and greater operative mortality. 6 -13 Moreover, 1 group has demonstrated a significantly worse 0-to 4-year survival in CABG patients who develop postoperative AF. 14 Obesity is increasingly more prevalent among cardiac surgery patients, with Ϸ40% of CABG patients having a body mass index (BMI) Ͼ30 kg/m 2 . 15 Whether and to what extent this prevalence of obesity explains new-onset AF in this surgical population is not fully known. To date, no studies exploring predictors of AF after cardiac surgery have linked increased body size or obesity to this complication. 6 -13 We reasoned that the association of left atrial enlargement with increasing adiposity in adult cardiac surgery patients is most likely similar to that in the general adult population. 4, 16 In fact, the increased potential of other cardiovascular risk factors (eg, hypertension and left ventricular dysfunction) in this surgical cohort are likely to exacerbate this effect. The primary objective of the present study was to elucidate the role of body size (with primary emphasis on BMI) in the development of postoperative AF after cardiac surgery.
Methods Study Sample, Clinical Data, and End Point
We examined a retrospective series of 8727 consecutive cardiac surgery patients (mean age 64Ϯ11 years; 5372 men [67%]) at 2 community hospitals (Saint Vincent Mercy Medical Center, Toledo, Ohio, 1994 to 2004, and Saint Luke's Hospital, Maumee, Ohio, 2001 to 2004). Given their high propensity for postoperative AF, patients with a history of preoperative AF or flutter (676 [7. 7%] of 8727) were excluded from analysis. The remaining 8051 patients constituted the overall study population, which included 6749 patients (84%) who underwent isolated CABG only. A total of 416 patients underwent surgery without (off-pump: 5.2%) cardiopulmonary bypass (CPB). Normothermic CPB was used in Ϸ98% of on-pump patients. This investigation was approved by the institutional review boards at both hospitals. Because of the retrospective nature of the study, requirement for informed consent was waived.
Clinical data for all patients were collected prospectively and entered into identical cardiac surgery databases at both institutions as described previously. 15 Collected variables included demographics, risk factors and comorbidities, preoperative medications, operative data, and postoperative complications and outcomes. All entries were based on definitions of the Society of Thoracic Surgeons and were regularly reported to the national cardiac surgery database. The single end point in this investigation was new-onset AF (occurring anytime perioperatively through hospital discharge), which was collected as a postoperative complication. AF was diagnosed on the basis of an ECG, telemetry (100% of patients), or physician findings and was confirmed from hospital or physician chart notes and discharge summaries. Database quality checks for missing values and incorrect entries were performed routinely. Additionally, complication rates and resource utilization (transfusion, cardiovascular intensive care unit [CVICU]/hospital stays) were always crosschecked for the separate CVICU and cardiac surgery databases, as well as against patients' discharge summaries and hospital medical chart attestation (or coding summary).
Postoperative Medications
Aspirin and ␤-blockers use was consistent throughout this 1994 to 2004 series. Aspirin (325 mg via nasogastric tube) was always given to patients on arrival at the CVICU and was decreased to 162 mg PO daily on postoperative day 1. In all patients, ␤-blockers were routinely given by mouth until the morning of surgery and reinstituted soon after surgery, being given intravenously in the CVICU if the patient was unable to swallow pills. Accordingly, time of ␤-blocker withdrawal (if any) was minimized in the present series of patients. Amiodarone (intravenous or by mouth) was always used after onset of AF, including intraoperatively. Since July 1999, postoperative prophylactic amiodarone (daily 200 mg PO started on postoperative day 1) has been used routinely in all patients. An ACE inhibitor was used routinely in patients, including those who were taking one preoperatively, who were in congestive heart failure or who had low ejection fraction (Ͻ35%), if hemodynamically tolerated (systolic blood pressure Ͼ100 mm Hg).
Data Analysis and Statistical Methods
Patients were divided into those who developed the complication (AF) versus those who did not (No-AF). BMI (in kg/m 2 ) and body surface area (BSA; in m 2 ) were used to characterize the role of patient size and adiposity and were considered both as continuous and categorical variables (6 categories each). BMI was derived as the weight (in kilograms) divided by the square of height (in meters). BMI categories were largely based on the World Health Organization/National Institutes of Health classification scheme 17 (1) all cardiac surgery and (2) isolated CABG patients. Separate multivariable model analyses were performed with either BMI and BSA to define body size. Here, "normal" BMI and "intermediate" BSA were used as reference categories, respectively, when size was described as a categorical variable. For CPB, short-duration CPB (Յ60 minutes) was used as the reference category, with "off-pump" included as a subgroup. Covariates selected for adjustment were based on prior reports 6 -13 and included all the variables listed in Table 1 The obesity-AF association derived in the primary multivariable analysis was further confirmed via additional complementary analyses. First, we compared AF incidence in 1-to-1 or greedy (ie, no shared or repeated matches) propensity-matched obese (BMI Ͼ30 kg/m 2 ) versus nonobese (BMI Յ30 kg/m 2 ) isolated CABG patient groups. Here, a total of 4 matched patient group pairs were obtained via a nonparsimonious obese model 18, 19 that incorporated all variables in Table 1 except for body size. These were as follows: obese (all) versus nonobese, obese I versus nonobese, obese II versus nonobese, and obese III versus nonobese. Propensity score matching was strict, with a maximum of Ϯ1% score difference to ensure that all covariates (demographics, risk factors, and operative data) for the obese versus nonobese comparisons groups, other than size, were statistically similar. Here, a significantly greater difference in AF incidence after matching would indicate a link between obesity (or size) and AF while controlling for confounders. Second, we used 2 additional analyses in which the 8051 patients were divided into derivation (nϭ4026) and validation (nϭ4025) subcohorts of equal size (1) via random selection without replacement of the derivation group and (2) based on time of surgery, with recent patients (September 1999 to December 2004) used as the derivation group and remote patients used as the validation cohort (January 1994 to September 1999).
Results

Incidence of New-Onset Postoperative AF
The 8051 cardiac surgery study population included 1810 patients with (22.5%) and 6241 patients without (87.5%) documented postoperative new-onset AF. This incidence was similar after isolated CABG (AF 1496 of 6749; 22.2%). Baseline characteristics of the AF and No-AF cohorts are compared in Table 1 . Gender was not a predictor of AF before risk adjustment but became significant for men when adjusted for age (Pϭ0.041; Figure 1 , top). AF patients were older and included more whites. AF was systematically and substantially more frequent with increasing age in both men and women ( Figure 1 ) increasing from 6.2% in patients Ͻ40 years old to 52% for patients Ͼ85 years old (PϽ0.001). AF patients were characterized by a higher incidence of hypertension, chronic obstructive pulmonary disease, peripheral and/or cerebrovascular disease (vascular disease), congestive heart failure, triple-vessel disease, and left main disease; lower ejection fractions; less preoperative use of digitalis, diuretics, or steroids; and low cardiac output (use of intra-aortic balloon pump). Current smokers, patients with angina (any kind), and preoperative ␤-blocker use were less frequent among AF patients. Operatively, valve surgery and increasing time on CPB (Figure 1, bottom; PϽ0.001) were associated with increased frequency of AF, whereas off-pump (CPBϭ0) surgery was associated with less AF both before and after age adjustment.
Role of Body Size in New-Onset AF
Of 8051 overall study patients, 3164 were obese (39.3%; median age 62 years; BMI Ͼ30 kg/m 2 ) and 4887 were nonobese (61%; median age 66 years). The overall unadjusted AF rates in obese (742 of 3164; 23.5%) versus nonobese (1068 of 4887; 21.9%) patients were similar (Pϭ0.099); however, the mean age of cardiac surgery patients decreased systematically for increasing BMI categories (both PϽ0.001; Figure 2 ). When BMI was considered as a continuous variable (Table 2) , unadjusted BMI was significantly associated with AF (OR 1.01, 95% CI 1.00 to 1.02; Pϭ0.046), equivalent to a 1% increase in AF incidence per 1-kg/m 2 increase in BMI. This effect was increased after adjustment for age (ORϭ1.03; PϽ0.001) and other covariates (ORϭ1.04; PϽ0.001). These findings were largely mirrored when BMI was included as a categorical variable (Table 2; Figure 2 ). Age-adjusted AF rates were increased from lowest to highest BMI groups (PϽ0.001): 20.0%, 19.8%, 21.8%, 23.3%, 26.59%, and 33.2%, respectively. The corresponding analyses when BSA was used for body size instead of BMI are provided in the online-only Data Supplement (Table I, Figure I ). Fib) after cardiac surgery increased with increasing patient age in male and female patients; youngest and oldest groups included all patients aged Յ40 years and Ͼ85 years, respectively. Intermediate groups were derived for 5-year age increments. Bottom, Incidence of AF in age groups subdivided into short (CPB Յ100 minutes), long (CPB Ͼ100 minutes), and no CPB (off-pump), indicating increased AF with time on CPB. Inset, Unadjusted incidence of AF in unadjusted CPB duration categories (0ϭoff-pump).
Multivariable Analyses
disease were no longer significant predictors. Preoperative congestive heart failure was a predictor of AF in the CABG-only subpopulation. *Clinical covariates (risk factors and operative variables) used in adjustment were age, gender, white race, current smoker, diabetes, hypertension, preoperative renal failure, chronic obstructive pulmonary disease, peripheral and/or cerebrovascular disease, myocardial infarction, congestive heart failure, angina (stable/unstable), arrhythmia (other than AF/flutter), preoperative medications (diuretics, steroids, digitalis, and steroids), triple-vessel disease, left main disease, emergency surgery, mitral valve surgery, aortic valve surgery, off-pump, perfusion time, cross-clamp time, and intra-aortic balloon pump (any).
Validation of Findings
Propensity-Matched Comparisons
were obtained for 2360 (87%) of 2712 when all obese patients were matched as 1 group. Nearly all patients were matched when obese subgroups were matched separately: 1730 obese III (99.5%), 659 obese II (100%), and 314 obese I (100%). In all cases, with the exception of size variables, all demographics, risk factors, preoperative medications, and operative variables (grafting and CPB) were similar for the matched comparison groups (see Table 1 for list). Overall, the incidence of new-onset AF was significantly greater in obese than in nonobese patients (PϽ0.001), mostly owing to the increased rate of AF in moderately and severely obese patients (obese II and III; Data Supplement Figure II , bottom). Figure 3 shows the derived adjusted OR for developing new-onset AF for each of the BMI categories (normalϭreference category) compared with those derived in the overall population using independent derivation and validation subpopulations of equal size. The derived BMI-AF associations were similar for the 2 subcohorts and were within the confidence bounds derived from the overall cardiac surgery series. This finding was true when the patient subgroups were based on random selection (Figure 3, top) or based on date of surgery (Figure 3, bottom) . Importantly, in the latter case, the derivation (recent) group included patients for whom postoperative amiodarone prophylaxis began on postoperative day 1, whereas this was not true for the overwhelming majority (3861 [96%] of 4025) of the validation (remote) cohort.
Derivation Versus Validation Subcohort Analyses
Discussion
New-onset AF remains the most frequent postoperative complication of cardiac surgery, 6 and contributes substantially to Table 1 in addition to BMI group (6 categories) were entered into the model; PϽ0.1 was used for exclusion.
All cardiac surgery: Hosmer-Lemeshow Pϭ0.36; area under the receiver operator characteristic curveϭ0.68; Isolated CABG: Hosmer-Lemeshow Pϭ0.58; area under the receiver operator characteristic curveϭ0.67.
increased morbidity, resource utilization, and even early and possibly late deaths. [7] [8] [9] [10] [11] [12] For these reasons, there is considerable interest in developing risk models for new-onset AF to potentially guide and identify patients at high risk for prophylactic intervention, and multiple such models have been published to date. 12, 13 Prior studies have demonstrated that advanced age, history of AF, male gender, digoxin use, hypertension, longer CPB cross-clamp time, chronic obstructive pulmonary disease, valve surgery, postoperative withdrawal of ␤-blockers, and postoperative low cardiac output increase the risk of developing new-onset AF after cardiac surgery. 6 -13 Many of these factors were confirmed in our present analysis of a large cardiac surgery population (Table 3) . Others have also investigated the possible role of ECG characteristics, and they have linked prolonged P-wave duration (indicative of intra-atrial conduction delay) and increased PR interval to postoperative AF. 13 No previous studies have previously associated obesity or large body habitus with increased AF after cardiac surgery.
The primary finding in the present study is that we demonstrated, for the first time, the existence of a strong independent association between increasing body size (especially obesity) and new-onset postoperative AF in cardiac surgery patients. These results were confirmed via multiple complementary analyses, which included (1) comparisons of AF rates in obese versus nonobese groups (and subgroups) that were closely matched for all other covariates and AF predictors via propensity modeling techniques and (2) 2 comparisons of covariate-adjusted AF-BMI category relations ( Figure 3 ) in equally sized independent derivation/ validation cohorts based on random selection and chronological order (time of surgery).
This multivariable modeling also showed, that after risk adjustment, off-pump CABG surgery was associated with a significantly lower incidence of new-onset postoperative AF ( Table 3 ). The following CPB-related mechanisms may have contributed to these findings: (1) Myocardial ischemia during CPB is global compared with localized or regional ischemia during off-pump surgery; (2) myocardial injury (elevated creatine kinase-MB) is more common in CPB versus offpump patients; and (3) increased inflammatory injury to all organs with CPB is mediated by complement activation, cytokine release, endothelial activation, and neutrophil induction and adhesion. The latter can lead to abnormal gas exchange and electrolyte imbalance, both of which can contribute to atrial irritability.
Potential Mechanisms of the AF-Obesity Association
Left atrial enlargement, a recognized precursor of AF, is strongly correlated with increasing BMI or adiposity. 16, 20, 21 Other factors characterizing obesity are ventricular remodeling, 22 elevated plasma volume, 23 autonomic tone, 24 ventricular diastolic dysfunction, 25 and enhanced neurohormonal activation. 26 These too can contribute to left atrial dilatation and its electrical dysfunction. Also, increased oxidative stress 27 and/or lipoapoptosis, 28 which are seen with increasing adiposity, may lead to myocardial structural changes (including atrial changes) such that the likelihood of AF is increased.
Our finding of an association between increasing body size and new-onset AF after cardiac surgery is in concert with the recent study by Wang and colleagues 4 in the general adult population (Framingham Heart Study). There, they described an association between greater incidence of newly diagnosed AF over time with increasing body size. Importantly, they showed via echocardiography data that left atrial dilatation is a critical intermediate phenotype and a physiologically plausible and mechanistic explanation for the obesity-AF association. This is further supported by another population-based study by Pritchett et al, 16 who found a similar association between large atrial size and greater AF/flutter incidence. There, they found a 13.6% AF/flutter rate in the upper quartile of left atrial size (quartile IV) compared with lower rates in quartiles I, II, and III (1.1%, 1.7%, and 2.3%, respectively). We do not routinely collect data on left atrial size in cardiac surgery patients and are unable to provide the corresponding data in this retrospective surgical population. However, we suggest that the distribution of left atrial size as a function of BMI is likely similar to that of the general adult population. 4, 16 Diabetes mellitus has been associated with increased AF in the general adult population, most notably by Kannel and colleagues 29 from the Framingham Heart Study. Incidence of diabetes is also systematically greater with increasing obesity. 30 Yet, the present data, similar to what has been reported in several recent large analyses, [7] [8] [9] [10] [11] [12] [13] did not indicate the presence of an independent association between new-onset postoperative AF and diabetes. Although a diabetes effect in this form of AF may be implicit in the AF-obesity association, this possibility is downplayed by the fact that as in most of the other cardiac surgery series, 7-13 the incidence of diabetes in the AF versus No-AF cohorts was essentially identical (Table 1) . This may indicate a distinctly different role for diabetes in the development of new-onset postoperative AF versus AF in the general adult population. Elucidation of this role is outside the scope of our present report.
Study Limitations
This study is characterized by several important strengths that support the primary finding of increasing new-onset AF with increasing patient adiposity after cardiac surgery. These included the large study population (nϭ8051), the number of AF cases analyzed (nϭ1810), the multiple converging complementary statistical analyses, and finally, supporting data from the nonsurgical general population by other authors. 4, 16 Yet, several study limitations are worth noting. Most obvious is the aforementioned lack of direct left atrial data to support the left atrial dilatation mechanistic explanation that we propose. Although likely true, a BMI-left atrial size relation in cardiac surgery patients specifically is more relevant. Second, we cannot exclude the possibility that episodes of AF were missed in some patients because of their minimal and or short-lived nature and that these patients were grouped as No-AF. The prevalence of AF we report in the present series of patients lies within the range of the national data reported by the Society of Thoracic Surgeons. However, it appears unlikely that such misclassifications would occur disproportionately among the different size groups, and therefore, they should have minimal effects on the results reported here. In addition, such random misclassification might have led to a conservative bias. Third, the present study is a retrospective, nonrandomized analysis from 1 surgical team serving 2 hospitals; however, all postoperative complications were prospectively and rigorously tracked and reported to the Society of Thoracic Surgeons national cardiac surgery database. Large observational studies have been shown to closely predict the results of corresponding randomized trials. 31, 32 To minimize the potential inaccuracies of nonrandomized retrospective data, we implemented several analytical methods, including propensity modeling and matching, 18, 19 in addition to 2 separate derivation and validation cohort analysis comparisons. We contend that the fact that all the methods we used converged to produce the same result significantly advances our primary findings.
Conclusions
Obesity has become increasingly prevalent in the general adult population, 30 in particular among cardiac surgery patients, with nearly twice the incidence of the general adult population. 15 The above-presented data indicate that increasing levels of obesity represent systematically greater risk for the development of new-onset AF after cardiac surgery, the most common form of cardiac dysrhythmia, responsible for substantial utilization of resources and increased morbidity and mortality. Accordingly, we propose that future riskmodeling efforts for this form of AF should incorporate (or at least examine) body size variables such as BMI as potential determinants. Although we did not report left atrial size data in the present series of patients, we suggest that left atrial dilatation is an important intermediate phenotype of newonset postoperative AF, as has been reported for the general adult population. 4 Future prospective studies are needed to confirm this contention.
